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'Although the information contained in this report is derived from reliable sources and reasonable care has been taken in the compiling of this report, ECN cannot be held responsible by the user for any errors, inaccuracies and/or omissions contained therein, regardless of the cause, nor can ECN be held responsible for any damages that may result therefrom. Any use that is made of the information contained in this report and decisions made by the user on the basis of this information are for the account and risk of the user. In no event shall ECN, its managers, directors and/or employees have any liability for indirect, non-material or consequential damages, including loss of profit or revenue and loss of contracts or orders. ' Abstract Olefins, such as ethylene, propylene, and butadiene, are among the most produced intermediates in petrochemical industry. They are produced from a wide range of hydrocarbon feedstocks (ethane, propane, butane, naphtha, gas oil) via a cracking process. The last step in this process is the separation of olefins from other hydrocarbons, which is traditionally performed with distillation. As the physicochemical properties, such as volatility and boiling point, of the compounds are very similar, the purification becomes capital and energy intensive. For example, the top of an ethylene/ethane distillation column needs to be chilled to -30 oC and this requires large amount of electric energy consumption. The separation of butadiene from the C4-fraction is performed with the aid of an additional solvent. This solvent has to be regenerated at the cost of additional high temperature steam. To overcome these separation disadvantages of olefin/paraffin separation, different separation methods have been investigated and proposed in recent years. Suggested options are based on better heat integration of the overall process, or on novel separation systems such as Heat Integrated Distillation Columns, membrane separation, adsorption-desorption systems or on hybrid separation methods, for example, distillation combined with membrane separation.
The focus of the current presentation is on integration of membrane-based gas separation with conventional distillation. The aim is to find the minimum required membrane performance, like selectivity and permeability, for an economically attractive process. The separation of ethylene from ethane and butadiene from a C4-mixture are considered as the most representative separation cases. The case of propylene/propane separation is not considered due to mild temperatures (~30 oC) at which this column is typically operated. In addition, the option to debottleneck existing distillation columns for ethylene/ethane separation, with the aid of membrane, is presented as new possible application of membranes.
The results reveal that for a hybrid system, membrane-distillation, the energy saving potential for the separation of ethylene from ethane, if compared to the conventional distillation, is rather low due to required very high membrane selectivity. The savings in energy can be expected when the membrane selectivity for ethylene is > 60 (at this moment the best reported membrane selectivity for ethylene is 12). However, this study reveals that the possibility to debottleneck the column capacity in an existing ethylene plant by using membranes is very high (see Figure 1 below). This is economically attractive if the membrane has selectivity for ethylene ≥ 10. The reason for good economic perspectives is the high price of polymeric grade ethylene. In case of butadiene separation, the energy savings can be as high as 30% depending on membrane selectivity and selected process configuration. This high value can be reached when the membrane selectivity for butadiene relative to saturated hydrocarbons equals 15. Similar to ethylene separation case, an increase in the production capacity of butadiene can be achieved in an economic viable fashion. • Difficult separation 
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Summary EE Separation
• In retrofit applications the hybrid process is technically and economically feasible, when C 2 H 4 /C 2 H 6 selectivity is > 10, and C 2 H 6 permeance is ≥ 1.6·10 -9 mol·Pa -1 ·m -2 ·s -1
• Growth in ethylene demand requires debottlenecking of C 2 splitter, which is a major issue in a olefin plant.
• Membrane technology is very promising in debottlenecking a C 2 splitter or lower the investments for green field plants.
• Membranes can bring energy savings in a C 2 splitter only if ethylene/ethane membrane selectivity is > 60.
Alternative adsorption technology 
